Nearly total spin polarization in La 2 /3Sri/ 3 Mn03 from tunneling experiments 
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We have performed magneto-transport measurements on La 2 /3Sr 1/ / 3 Mn03 / SrTiOs / 
La2/3Sri/3MnC>3 magnetic tunnel junctions. A magnetoresistance ratio of more than 1800 % is 
obtained at 4K, from which we infer an electrode spin polarization of at least 95 %. This result 
strongly underscores the half-metallic nature of mixed-valence manganites and demonstrates its 
capability as a spin analyzer. The magnetoresistance extends up to temperatures of more than 
270K. We argue that these improvements over most previous works may result from optimizing the 
patterning process for oxide heterostructures. 

PACS numbers: 72.25.-b, 73.40Rw, 71.20.Eh 



Magnetic tunnel junctions (MTJ) have been studied 
actively from the mid 90's |3] due to both the underly- 
ing physics and their potential applications as magnetic 
memories (MRAMs) or sensors. These structures consist 
of two ferromagnetic metallic electrodes (FM) sandwich- 
ing a thin insulating barrier (I). When a bias voltage 
Vdc is applied, electrons near the FM/I interface tunnel 
through the barrier and, since they are spin-polarized, 
the resistance depends on the relative orientation of the 
electrodes' magnetization. The tunneling magnetoresis- 
tance (TMR) ratio is defined as 
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TMR = (R A p - Rp)/Rp 



(1) 



where Rap and Rp are the resistances of the junction in 
the antiparallcl and parallel configurations, respectively. 
In Jullicre's model [Q, the TMR ratio is related to the 
spin polarizations Pi and P2 of the two ferromagnetic 
electrodes as: 



TMR = 2P 1 P 2 /(1-P 1 P 2 ) 



(2) 



Within this simple model, large TMR ratios result 
from electrodes, or from electrode- barrier interfaces ||, 
with large effective spin polarization values. Junctions 
which integrate amorphous barriers such as AI2O3 and 
transition ferromagnets, for which the spin polarization 
does not exceed around 50 % [jl], f|, do not show TMR 
ratios larger than 60 %. Preliminary work has been 
reported || on obtaining large interfacial spin polariza- 
tions owing to band structure effects, but the simplest 
route to achieving large TMR ratios relies on the use of 
so-called " half- metals" with a nearly total intrinsic spin 
polarization. 

A few compounds have been predicted to be half- 
metallic, such as Cr02 0, Fe3C>4 Q], mixed- valence man- 
ganites H or some Heusler alloys M. In the particular 
case of manganites such as La2/3Sr!/3Mn03 (LSMO) and 
La 2 /3Ca 1 / 3 Mn03 (LCMO), there is a lot of controversy 



FIG. 1: Optical images of the processed sample 



regarding their half- met allicity. Indeed, whereas spin- 
polarized photoemission spectroscopy experiments |ic[| 
have confirmed the half- metallic character of LSMO, the 
maximum spin polarization as inferred from tunneling ex- 
periments does not exceed 86% in LCMO [|ll| and 83% 
in LSMO 

In this letter, we report a TMR ratio of more than 
1800 % at T=4.2K and V DC = lmV in La 2/3 Sr 1/3 Mn03 
/ SrTi0 3 / La2/ 3 Sr 1/3 Mn03 fully epitaxial MTJs, from 
which we deduce a spin polarization of at least 95 % 
for LSMO. This result confirms for the first time the 
transport half-metallic nature [fl3[ of this material, which 
can therefore be used as a spin analyzer in tunneling 
experiments || . We argue that this large TMR value 
arises both from preserving the quality of the LSMO / 
STO (STO : SrTiOs) interfaces during our upgraded pat- 
terning process, and from designing junctions of small 
size. The TMR extends to temperatures of about 280K, 
an improvement compared to previous results in the lit- 
erature Q. 

LSMO 350 A/ STO 28 A/ LSMO 100 A epitaxial tri- 
layer structures were grown by pulsed laser deposition 
onto (OOl)-oriented 10 mm x 10 mm x 0.5 mm STO 
commercial substrates in the same conditions as in refer- 
ences and n3. With an idea to induce a pinning effect 
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on the top LSMO electrode, samples were inserted into 
a r.f. sputtering system and 150 A of Co were deposited, 
then etched by an oxygen-rich plasma to form a CoO 
layer some 25 A thick. The samples were finally capped 
with 150 A of gold. The LSMO in-plane cell parameters 
as measured by X-ray diffraction are equal to those of 
STO, implying that the oxide part of the heterostructure 
is unrelaxed from the elastic point of view |]l5| . Scan- 
ning electron energy loss spectroscopy (EELS) experi- 
ments performed at the atomic scale on samples grown 
in the same conditions revealed only a very weak modi- 
fication of the electronic properties of the LSMO at the 
interface with the STO barrier when compared to regions 
located deeper inside the LSMO layer Q (no change in 
the valence of the Mn ions). 

The patterning process was carried out by standard 
UV photolithography techniques Jl7[ using chromium 
masks which define 144 MTJs ranging in size from 2 to 
6144 /im 2 , within a 6 mm x 6 mm surface. In the first 
step, 144 pillars were defined by photolithography and 
ion-beam etching. During the etching process, the sam- 
ple was mounted on a water-cooled sample holder. Ar 
ions were accelerated with a grid voltage of 200 V and 
neutralized by an electron-emitting filament. The etch- 
ing process was monitored with an in-situ Secondary Ion 
Mass Spectroscope so as to stop the etching when enter- 
ing the bottom LSMO layer. In the second step, twelve 
200 /xm-wide bottom electrodes were created using the 
same combination of photolithography and neutralized 
ion-beam etching. To passivate the sample, a 2500 A- 
thick layer of SisN4 was deposited by dc-sputtering and 
selectively removed by reactive ion etching to define elec- 
trical access points. Finally, Ti/Au tracks were deposited 
as electrical contacts for transport measurements. Opti- 
cal images of the completed sample are shown in Figure 
|l|. After completing the patterning process, MTJ resis- 
tance was checked at room temperature, which revealed 
that the junctions of area larger than 32 /im 2 were short- 
circuited. Among the remaining ones, 12 could be mea- 
sured. 

Transport measurements were carried out in a four- 
point measurement configuration. The resistance of the 
bottom LSMO electrode was always at least one order 
of magnitude smaller than that of the junction so that 
an artificial TMR enhancement due to non-homogeneous 
current injection may be discounted. The LSMO bot- 
tom electrode resistivity was in the 100-120 /iSl cm range 
at T=4K , i.e. only about twice that of high-quality 
epitaxial films and single crystals and a seven-fold re- 
duction compared to our previous process. We attribute 
this improvement in LSMO electrode quality to switch- 
ing to a neutralized ion beam to etch the oxide layers 
and to cooling the sample during the etching process 
p8[ . Given that LSMO thin films are prone to desorbing 
oxygen with rising temperature [fl9|| , limiting all sources 
of sample heating should reduce structural (and there- 
fore magnetic and electronic) modifications of the LSMO 
electrodes and any possible interfacial oxygen diffusion 
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FIG. 2: R(H) loop for a 5.6 /jm x 5.6 /im junction measured 
at 4.2K. 



between LSMO and STO. 

In Figure ^ we show the magnetic field dependence of 
the resistance for a 5.6 fim x 5.6 /xm junction, measured 
at 4.2K after field-cooling and with a DC bias voltage 
Vdc=1 m V. We recall that a Co/CoO coverage overlayer 
has been introduced to pin the top LSMO layer, so that, 
after field-cooling, a symmetric variation is not expected. 
When sweeping the field from negative to positive values, 
the resistance of the junction rises from 19 kfi to 375 kfi, 
yielding a TMR ratio of 1850 % with a field sensitiv- 
ity approaching 700 %/Oe. From equation || and taking 
P=Pi=P 2 , this value leads to a spin polarization of P ~ 
95 %. Four of our junctions showed a TMR larger than 
800 % at 4K and 1 mV, i.e. P>89 %. In addition, when 
increasing applied bias, the TMR decreases more rapidly 
than in standard MTJs with transition metal electrodes, 
which may be due to stronger magnon scattering [ 2^. ^ . 
This suggests that a higher TMR ratio could be obtained 
if it were possible to measure the junction at lower ap- 
plied bias. 

The asymmetry in the field dependence of the TMR 
for this junction can be due to the shift of the magne- 
tization reversal of the pinned layer. Upon increasing 
the magnetic field this separates the reversal fields of the 
two electrodes and leads to a well-defined and high TMR 
peak. In decreasing field, the two reversal fields are in 
the same range and the TMR is reduced. This empha- 
sizes the need for a uniaxial anisotropy to stabilize well- 
defined antiparallel states like in the La 2 /3Ca 1 / 3 Mn03 / 
NdGaOs / La2/3Cai/3Mn03 system studied by Jo et al 
& 

The temperature dependence of the TMR is plotted in 
Figure ||(a, b) for two junctions using R(H) loops mea- 
sured at Vdc=10 mV. The TMR decreases rather quickly 
upon increasing T but only vanishes at temperatures of 
some 280K for the 2x6 /im 2 junction. TMR ratios of 
30 % (Figure |(c)) and 12 % are obtained at 250K and 
270K, respectively. This represents a sizeable improve- 
ment with respect to previous results obtained from 
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FIG. 3: Temperature dependence of the TMR measured with 
Vdc=10 mV for two junctions : 2 x 6 /im 2 (a) and a 1.4 x 
4.2 /im 2 (b) (dashed lines are guides to the eye). R(H) loop 
at T=250K and V D c=10mV showing 30% TMR (c). 



heterostructures grown in identical conditions. Since this 
system shows a temperature dependent competition be- 
tween the junction dipolar field, the shape anisotropy 
and the CoO pinning effects described previously, it is 
difficult to stabilize a fully antiparallel alignment when 
temperature increases. This leads to a sharp extrinsic 
decrease of the TMR with temperature. Finally, since 
these results were obtained in LSMO/STO/LSMO junc- 
tions with a fully strained crystallographic structure, we 
state that strain is not a limiting factor toward conceiv- 
ing manganite-based MTJs with sizeable TMR values at 
relatively high temperatures, contrary to what was sug- 



gested by Jo et al |TI|]. High quality interfaces which 
limit the disruption of the manganite's properties ful- 
fill a more important requisite, as suggested by previous 
studies 

In summary, we have observed a magnetoresistance of 
1850 % in LSMO-based tunnel junctions, from which we 
deduce an average spin polarization of at least 95 % for 
LSMO at the interface with STO. This value may be 
higher at lower temperature and junction bias. As such, 
this result - the highest spin polarization measured in 
any material from tunneling experiments - underscores 
the transport half-metallic nature of mixed- valence man- 
ganites. In addition, the temperature dependence of the 
magnetoresistance for these junctions is better than pre- 
viously reported, as the TMR vanishes only at about 
280K. We attribute these improved results mainly to the 
use of an upgraded lithographic process which defines 
micron-sized tunnel junctions and strongly limits sample 
heating. Our findings show that strained LSMO can in- 
deed be used as a spin analyzer to perform fundamental 
tunneling studies, possibly up to room temperature, as 
well as a source of fully spin polarized current in epitaxial 
oxide heterostructures. 
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